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N-linked oligosaccharides were released from hen ovalbumin by PNGase F and derivatized
with phenylhydrazine. They were then examined by matrix-assisted laser desorption/
ionization (MALDI) mass spectrometry. Phenylhydrazones of N-glycans under MALDI-
tandem mass spectrometry (MS/MS) and post-source decay (PSD) conditions produced
relatively similar fragmentation patterns; however, more cross-ring cleavages and fragment
ions corresponding to low abundance isomeric structures were detected by MS/MS and not in
PSD. Most fragment ions corresponded to glycosidic cleavages with preferential loss of
residues from the chitobiose core and the 3-antenna. Sialylated phenylhydrazone-N-glycans,
characterized here for the first time in ovalbumin by tandem mass spectrometry, underwent
losses of sialic acid residues followed the same fragmentation pathways observed with neutral
derivatized glycans. The relative abundances of some fragment ions indicated the linkage
position of sialic acid and provided information on the number of residues attached to the
6-antenna. Also, new structures of ovalbumin glycans were observed as part of this study and
are reported here. (J Am Soc Mass Spectrom 2004, 15, 725–735) © 2004 American Society for
Mass SpectrometryStructural identification of oligosaccharides re-quires determination of monosaccharide constitu-ents, their sequence, branching pattern, and link-
age positions [1]. Mass spectrometry (MS) techniques
such as matrix-assisted laser desorption/ionization
(MALDI) and electrospray ionization (ESI) enable the
determination of some of these parameters. These meth-
ods are very useful for such purposes, especially owing
to their high sensitivity, that enables the analysis of
limited amounts of oligosaccharides in biological mate-
rials [2]. In general, fragmentation pathways can be
classified in two groups: Glycosidic cleavages resulting
from the breaking of a bond between two sugar rings
and cross-ring cleavages that involve the breaking of
two bonds within a monosaccharide constituent [3].
MALDI time-of-flight (TOF) MS is useful for the se-
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doi:10.1016/j.jsms.2004.01.012quencing of oligosaccharides; however, it is difficult to
determine the fine structure of oligosaccharide chains
by this technique due to the possibility of many struc-
tural isomers with different branching patterns and
linkage positions [4]. Structural isomers of monosaccha-
ride units with the same residual mass also make it
difficult to characterize structures using MS.
The sequencing of oligosaccharide chains can be
performed by MALDI post-source decay (PSD) frag-
mentation analysis, e.g., [5–8]. PSD spectra of the [M 
Na] parent ions of neutral sugars tend to be domi-
nated by peaks from glycosidic and internal cleavage
reactions. Major ions usually result from B and Y
cleavages and carry information on sequence and
branching in some cases [6, 9]. Different linkage posi-
tions can affect the relative abundances of ions from
glycosidic cleavages; however the information is often
difficult or impossible to extract without comparing the
spectra isomers under investigation. Some specific frag-
ment ions can be used for distinguishing the 3- and
6-antennae of N-linked glycans. These ions are formed
by loss of the 3-antenna together with the chitobioser Inc. Received November 24, 2003
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groups attached to the 3-position of hexoses have
frequently been observed in the fragmentation of other
types of sugars, e.g., [11–13].
Cross ring fragments are important for determining
linkage positions. The most useful cross-ring cleavage
ions in the spectra of N-linked glycans are the 3,5A and
0,4A ions produced by breakages with the core-branch-
ing mannose residue. These ions only contain the an-
tennae attached to the 6-position and thus provide
valuable information [14]. PSD results have previously
shown that although such tendencies were observed in
fragmentation patterns, it has been very difficult to
compare ion abundances [8]. Some of MALDI-PSD
fragmentation studies using curved-field reflectron ap-
paratuses have shown that under those conditions,
relative abundances of PSD fragments ions are more
relevant [15]. MALDI-PSD fragmentation of highly
branched oligosaccharides showed that the abundances
of ions produced by one-site glycosidic cleavages were
much higher than those of ions produced by two-site
and three-site cleavages. These studies also indicated
that ion abundances depended on their  and  config-
uration [4].
Although MALDI-MS can usually produce strong
signals for native saccharides, spectral interpretation is
frequently made difficult by the production of abun-
dant ions from internal cleavages, many of which arise
from competing fragmentation pathways [10]. It is
common practice to derivatize glycans at their reducing
terminus with chromophores to increase ultraviolet
(UV) absorption, fluorescence or mass spectrometric
sensitivity [16–23]. Besides this, it has been shown that
reducing end tagging can influence fragmentation pat-
terns of oligosaccharides to produce fewer internal
cleavage ions and thus simplify their structural analysis
[24–27].
In two previous articles [23, 28] we have shown that
phenylhydrazine (PHN) tagging (Scheme 1) is very
simple relative to other sugar derivatization procedures
and that it can be used successfully for the analysis of
oligosaccharides. Therein, [28] we demonstrated that
PHN derivatization, in combination with on-line high-
performance liquid chromatography (HPLC)/ESI-MS
and MALDI-MS, could be used to characterize ovalbu-
min glycans. Under PSD conditions, a few of the
complex PHN-glycans produced abundant B, C, and
B/Y, C/Y internal fragment ions. The ions formed by
Scheme 1. Structure of the phenylhydrazone (PHN) tag for
oligosaccharide.loss of chitobiose core along with the 3-antenna desig-
nated as D-ions in the case of native N-glycans [11] were
also observed with PHN-derivatives. PHN-N-glycans
produced simpler PSD fragmentation patterns than
their native analogs, with possibility of distinguishing
isomeric structures. Results were in good accordance
with proposed structures previously deduced from
1H-NMR and MS data [29, 30].
The primary aim of the present study is to demon-
strate the influence of the PHN group on the fragmen-
tation behaviour of high-mannose, hybrid and complex
glycans under MALDI-PSD and MS/MS conditions.
Results obtained with these techniques are compared
and discussed with the aim of determining predomi-
nant isomeric structures for parent ions of given m/z
values. Although ovalbumin glycans investigated in
our study have been studied for many years, results
discussed here show the presence of isomeric oligosac-
charide structures having not been reported before in
this glycoprotein often used as a standard.
Experimental
Materials
Phenylhydrazine, hen ovalbumin (grade V) and 2,5-
dihydroxybenzoic acid matrix (DHB) were purchased
from Sigma (St. Louis, MO). Peptide-N-glycosidase F
(PNGase F) deglycosylation kits and GlycoClean S
cartridges were purchased from Prozyme (San Leandro,
CA). Solvents (acetonitrile, methanol) were HPLC-
grade and purchased from Fisher Scientific (Fair Lawn,
NJ). HPLC-grade deionized, distilled water was ob-
tained with a Milli-Q plus TOC water purification
system (Millipore, Bedford, MA).
Deglycosylation by PNGaseF Digestion
See references [31, 32]. Hen ovalbumin (500 g) was
dissolved in deionized water (36 L) in a micro centri-
fuge tube, and Buffer 5 supplied with the Glyko
deglycosylation kit was added (9 L). Then the glyco-
protein was denatured by boiling in a hot water bath for
5 min. After cooling, the OLIGO profiling enzyme (4
L) was added. Following incubation at 37 °C for 18 h,
the protein was precipitated by adding three volumes
of cold ethanol and the mixture was kept in ice. The
N-deglycosylated protein was centrifuged down to a
pellet and the supernatant containing the oligosaccha-
rides was pipetted out into another micro centrifuge
tube. Ethanol was evaporated and the white residue
was derivatized with phenylhydrazine as described in
the next paragraph.
Derivatization of Oligosaccharides
See references [23, 28]. The glycan pool released from
500 g of ovalbumin (a 30 L solution) was derivatized
by adding a 10% methanolic solution of phenylhydr-
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constant stirring. After cooling, the derivatized solution
was loaded on the adsorption disc of a GlycoClean S
cartridge that had been primed with acetonitrile. The
glycans onto the disc matrix were washed first with
acetonitrile (2  0.5 mL) followed by 96% acetonitrile in
water (5  0.5 mL). In the end, the glycans were eluted
with water (3  0.5 mL). Water was evaporated to a
smaller volume and this solution was used for analysis.
MALDI-TOF Mass Spectrometry
MALDI spectra were recorded on a Biflex-IV spectrom-
eter (Bruker Daltonics, Billerica, MA). The accelerating
voltage was 20 kV. Profiling of the molecular ions of
derivatized glycans was achieved in the positive mode,
using linear and reflective TOF. MALDI-PSD spectra
were recorded in the positive ion mode with the laser
power adjusted to 80% of the maximal intensity. The
width of the selected ion window varied from 14 to 18
m/z units depending on the parent ion. Spectra were
recorded in 10–14 segments, each corresponding to 100
laser shots, and smoothed. MALDI-MS/MS spectra
were acquired using a prototype quadrupole-quadru-
pole-TOF mass spectrometer (commercial model sold as
QSTAR by Applied Biosystems/MDS Sciex, Foster City,
CA [33]). In this instrument, ions are produced by
irradiation of the sample with photon pulses from a 20
Hz nitrogen laser (VCL 337ND, Spectra-Physics, Moun-
tain View, CA) with 300 mJ energy per pulse. Parent
ions were selected in Q1 after cooling, after which they
were broken up in q2 by collisional-induced dissocia-
tion (CID) at low energy. The collisional energy for each
precursor ion was determined by applying a well-
defined accelerating voltage at the entrance of the
collisional cell, and values were around 50 eV per each
1000 Da. The resulting product ions are measured in the
TOF analyzer. Orthogonal injection of ions from the
quadrupole into the TOF section routinely produces a
mass resolving power of 10,000 FWHM, and accuracy
within a few mDa, in both MS and MS/MS modes.
The samples were mixed with saturated matrix so-
lution (2,5-dihydroxybenzoic acid in acetonitrile-water
1:1), deposited on the surface of a MALDI target, air
dried and subjected to analysis.
Results and Discussion
The N-glycans enzymatically released from hen ovalbu-
min and derivatized with phenylhydrazine were de-
salted and separated from unreacted phenylhydrazine
using GlycoCleanS cartridge following the procedure
described in the experimental section. Glycans were
then examined by MALDI mass spectrometry under
PSD and CID-MS/MS conditions. Under PSD condi-
tions, relatively simple fragmentation patterns were
observed. It was possible to suggest predominant iso-
meric glycan structures by comparing the abundances
of corresponding ions observed in the CID-MS/MSspectra. Both techniques produced similar fragmenta-
tion patterns, however more A-type cross-ring cleav-
ages were observed by CID-MS/MS, depending on the
collision energy used (in the 20–100 eV range). Al-
though it is generally assumed that low energy frag-
mentations are charge-induced, previous studies on
other types of compounds have shown that charge-
remote fragmentation processes do occur under
MALDI-PSD conditions, e.g., [36]; this may be the case
for cross-ring PSD ions observed here. The absence of
these cleavages in some PSD spectra of PHN derivat-
ized glycans is possibly due to concentration effects and
not to the presence of the tagging group. PHN neutral
oligosaccharides fragmented in a predictable manner
and always from the labeled side. In all spectra B, C,
and B/Y fragment ions dominated (nomenclature by
Domon and Costello [34]). Less abundant cross-ring
cleavage ions were observed in all CID-MS/MS spectra,
and were very useful for determining linkage positions.
Also, it was observed that monosaccharide residues
attached to the 3-antenna of the core mannose were
cleaved preferentially relative to residues positioned on
the 6-antenna, as was reported in earlier studies [10–
13]. Generally, the presence of bisecting GlcNAc was
signaled by loss of 221 u from B/Y3 ions; however we
noticed that the extent of this loss of 221 u seemed to
increase the number of residues attached to the 6-linked
mannose. With no substituents on 6-linked mannose,
the Man residue itself was lost instead of the bisecting
GlcNAc moiety, to produce m/z 388 ions (Scheme 2).
Besides high-mannose, hybrid, and complex glycans,
two sialylated oligosaccharides were identified within
the pool of ovalbumin glycans. All parent ions were [M
 Na] sodium adducts. Fragments also contained one
sodium cation. Only the sialylated species produced [M
 H  2Na] ions.
High Mannose Glycans
Figure 1 presents a MALDI-PSD spectrum of high
mannose PHN(Man)5(GlcNAc)2. Precursors at m/z
1347.5 produced readily identified B4, C4, B3 and C3
fragments. The loss of 3-positioned Man from B3 ions
appeared as a peak at m/z 671.2 (B3/Y3), indicating a
residue with four hexoses. This preferential loss was
supported by a smaller peak at m/z 653.2 (B3/Z3) due
to loss of water from B /Y ions [1]. The CID-MS/MS
Scheme 2. Preferential cleavages of B/Y3 ions depending on the
number of monosaccharide residues (R) attached to the 6-antenna.
See symbols in Table 1.3 3
728 LATTOVA ET AL. J Am Soc Mass Spectrom 2004, 15, 725–735fragmentation scheme (not shown) was similar to the
PSD pattern, although additional ions were detected.
For instance, B2 and C2 ions (m/z 509.1 and 527.1)
indicated a residue with three mannoses. Cross-ring
cleavages 0,2A5 and
2,4A5 at m/z 1156.4 and 1096.4 were
consistent with -1-4 linkage of the chitobiose core.
A similar fragmentation pattern was observed in the
spectrum of PHN(Man)6(GlcNAc)2 (see Table 1). For
these glycans, parent ions appeared at m/z 1509.6. Ions
from a 0,2A5 cross-ring cleavage within the labeled
GlcNAc were observed. B4, B3, and C3 ions indicated the
structure proposed in Table 1. The loss of 324 u (Man-
Man) from the 3-antenna produced B3/Y3 ions.
Hybrid Glycans
Glycans of composition (GlcNAc)3(Man)4PHN yielded
parent ions at m/z 1388.5 (see Table 1, spectrum not
shown). Besides B4 and B3 ions, possibilities of B3/Y4
and B3/Y3 ions for two structures indicated either the
presence of bisecting GlcNAc or GlcNAc on the 6-an-
tenna. A very small peak at m/z 329.1 in the CID-
MS/MS spectrum corresponding to the loss 221 u and
the most abundant ions at m/z 388.1 could be assigned
to Structure 1 (see Scheme 1). A weak signal corre-
sponding to B4/Y4 ions and
1,4A4,
1,3X3 ion peaks
agreed with Structure 2 [29].
(GlcNAc)3(Man)5PHN glycans were detected at m/z
1550.5. The spectra showed the presence of two isomers
(see Table 1). Abundant B3/Y3 fragments at m/z 671.2
corresponded to Structure 1 [37], consistently with B2,
C2 cleavages of the 6-antenna and with
0,3A3 ions.
B4/Y5 ions at m/z 874.3 and B3 ions at m/z 550.2 agreed
with Structure 2, as well as 2,4A4 and
1,4A4 ions.
The fragmentation pattern observed for
(Man)4(GlcNAc)4PHN glycans ([M  Na]
 at m/z
1591.5, (Figure 2) corresponded to three structures. The
presence of bisecting GlcNAc in Structure 1 [29] was
suggested by low abundance ions at m/z 491.1 (loss of
221 u from B /Y ). Structure 2 [29] was consistent with
Figure 1. MALDI-PSD spectrum of [M  Na] ions of high
mannose PHN-glycans from hen ovalbumin detected at m/z
1347.5. Fragment ions are sodiated.3 3ions observed at m/z 915.3, 712.2, and 550.2. This second
structure was also suggested by 1,4A4 and
1,4X3 cross-
ring cleavage ions (m/z 639.2, 975.3). In Structure 3 [30],
the loss of bisecting GlcNAc produced low abundance
m/z 329.1 ions and cleavage of 6-linked Man produced
ions at m/z 388 (Scheme 1). Also supporting the pres-
ence of this structure were 2,4A4 and
1,4X3 ions (m/z
813.3, 771.3).
Glycans of composition (GlcNAc)4(Man)5PHN gen-
erated parent ions at m/z 1753.6. Cross-ring fragments
0,2A5 and
3,5A4 at m/z 1562.5 and 1313.4 were observed
(Figure 3). B and C ions were clearly identified and
isobaric to all three proposed structures. The cleavage
of GlcNAc from the 3-antenna of B3 ions produced
B3/Y4 fragments at m/z 1036.4 (Structures 1, 3). These
ions then lost Man to yield B3/Y3 fragments at m/z
874.3. Prominent ions at m/z 653.2 (loss of 221 u from
B3/Y3) arose from the loss of bisecting GlcNAc (Struc-
ture 1) [30]. In the CID-MS/MS spectrum, low abun-
dance fragment ions at m/z 1077.3, 712.2, and 491.1 were
consistent with the presence of a hexosyl-GlcNAc resi-
due on the 3-antenna (Structure 2). It was not possible
to exclude Structure 3, because fragment ions at m/z
833.3 (B3/Y4) and cross-ring ions at m/z 599.3 (
3,5A3)
were consistent only with this third isomer.
The fragmentation pattern of glycans of composition
(GlcNAc)5(Man)4PHN (m/z 1794.7) indicated two iso-
mers—Structures 1 [30] and 2 [29] (see Table 1). The loss
of (GlcNAc)2Man from the 3-antenna produced abun-
dant ions, which then lost bisecting GlcNAc (Structure
1). To Structure 2 could be assigned fragment ions
B4/Y5, B4/Y3, B3 as well as
1,3A4 and
1,4A4 cross-ring
cleavage ions observed by CID-MS/MS.
The last hybrid glycans discussed here had the
composition (GlcNAc)5(Man)5PHN, and generated [M
 Na] ions at m/z 1956.7 (see Table 1). Fragment ions
clearly indicated the presence of two isomers [29, 30]. In
Isomer 1, the loss of bisecting GlcNAc from B3/Y3
species produced abundant ions at m/z 653.2. Structure
2 was consistent with B4/Y5, B4/(Y4)2, B3/Y3, and
loss of bisecting GlcNAc from the latter. Isomer 2 could
also be supported by B3 and
1,3A4 fragments.
Complex Glycans
Glycans of composition (GlcNAc)3(Man)3PHN, with
parent ions at m/z 1226.4, produced the PSD spectrum
shown in Figure 4. The loss of hexosyl from B3 frag-
ments corresponded to ions at m/z 550.2 (B3/Y3) and
suggested the presence of GlcNAc on the 6-antenna
(Structure 1). Because cross-ring cleavage ions are iso-
baric for all three proposed structures (see Table 1), it
was not possible to determine the presence of minor
structures 2 and 3. Isomer 2 [30] includes bisecting
GlcNAc, as supported by small peaks at m/z 329.1 and
388.1. Isomer 3 has GlcNAc attached to 3-linked Man
and is supported by B3/Y4 ions at m/z 509 in the
CID-MS/MS spectrum.
The PSD spectrum of (GlcNAc) (Man) PHN com-4 3
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The fragmentation pattern obtained here by CID-
MS/MS was similar to PSD data and suggested two
isomers (see Table 1). Precursor ions (m/z 1429.5) pro-duced B3, B4 and C4 ions. A further loss of GlcNAc from
B3 fragments yielded abundant B3/Y4 ions. The loss of
Man from the latter gave rise to very abundant B3/Y3
ions and indicated the presence of a (Man) (GlcNAc)2
730 LATTOVA ET AL. J Am Soc Mass Spectrom 2004, 15, 725–735residue, of bisecting GlcNAc, and of a 6-linked Man
residue (Structure 1 [30]). Loss of bisecting GlcNAc
produced very low abundance ions at m/z 329.1. Peakscorresponding to B3/Y3/Y4, C2 and B3/(Y4)2 ions
could be assigned to Isomer 2.
MALDI-MS/MS and -PSD spectra of glycans with
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1632.6) agreed well with the structures suggested in a
previous study [28, 30] (see Table 1). B3/Y3 ions at m/z
753.2 evidenced Structure 2, and loss of 221 u from the
latter supported the presence of bisecting GlcNAc.
Next, these ions lost the core Man residue itself (128 u)
to produce abundant C2 ions. B3/Y3 ions at m/z 550.2
were consistent with Isomer 1, for which the loss of
bisecting GlcNAc by CID-MS/MS appeared as a very
small peak at m/z 329.1 (see Scheme 1).
The fragmentation patterns observed for
(GlcNAc)6(Man)3PHN glycans (m/z 1835.6) were sup-
portive of three possible structures in both PSD and
CID-MS/MS (Figure 5). B3/Y4, B3/(Y4)2, and B3/Y3
fragment ions appeared at m/z 1118.4, 915.3, and 753.3.
Loss of the bisecting moiety from the latter (m/z 532.1
ions) was consistent with two GlcNAc residues on the
3-antenna—Structure 1 [30]. Isomer 2 [30] produced
B3/Y3 fragments at m/z 956.3, next the cleavage of
bisecting GlcNAc appeared as abundant fragments at
m/z 735.2. Ions at m/z 1159.4, along with their homologs
having lost 221 u, were possibly from Structure 3.
On-target purification (C18-ZipTip) enabled to eliminate
Isomers 1 and 2 from 3. The PSD spectrum of this
Figure 2. MALDI-MS/MS spectrum of [MNa] ions of hybrid
PHN-glycans from hen ovalbumin detected at m/z 1591.5. Frag-
ment ions are sodiated.fraction provided good evidence for the presence of
Structure 3 (Figure 5b).
The fragmentation pattern observed in the PSD spec-
trum of (GlcNAc)6(Man)3(Gal)PHN species (m/z 1997.7)
was reported in a previous paper [28] as corresponding
to three possible isomers. CID-MS/MS results were
again in good agreement with the PSD spectrum (see
Table 1). Relatively abundant cross-ring A5 fragments
were produced in both spectra. Prominent B4/Y3 ions,
Figure 3. MALDI-MS/MS spectrum of [MNa] ions of hybrid
PHN-glycans from hen ovalbumin detected at m/z 1753.6. Frag-
ment ions are sodiated.
Figure 4. MALDI-PSD spectrum of [M  Na] ions of PHN-
glycans from hen ovalbumin detected at m/z 1226.5. Fragment ions
are sodiated.
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signed to Isomer 1 along with the associated loss of
bisecting GlcNAc seen as a small peak. In Structure 2,
consistent with B4/Y3 ions, the presence of bisecting
GlcNAc was evidenced by loss of 221 u from the latter.
For Structure 3, cleavage of bisecting GlcNAc from
B4/Y3 appeared as abundant ions. Other peaks sup-
porting the presence of three structures were their
corresponding B3, C3, and B3, C3 fragment ions.
Complex glycans with composition
(GlcNAc)7(Man)3PHN (m/z 2038.8) corresponded to
Structures 1 and 2 [37] (see Table 1). B3/Y3 ions at m/z
956.3 along with the loss of bisecting GlcNAc were
consistent with (GlcNAc)2Man on both antennae (Struc-
ture 1). Isomer 2 produced abundant B3/Y3 ions, and
loss of bisecting GlcNAc from the latter was observed,
consistent with (GlcNAc)3Man on the 6-antenna. It was
possible to eliminate Structure 1 from the mixture by
C18-ZipTip purification. The PSD spectrum recorded for
this spot clearly supported the presence of Isomer 2.
(GlcNAc)7(Man)3(Gal)PHN glycans (m/z 2200.8) pro-
vided fragmentation patterns corresponding to all three
isomers (see Table 1). The loss of (GlcNAc)2Man from
the 3-antenna (B4/Y3) and related ions attributed to
loss of the bisecting moiety could be assigned to Isomer
1 [37], also supported by C3 ions. Structure 2 was
consistent with B /Y peaks and loss of bisecting
Figure 5. MALDI (a) CID-MS/MS and (b) PSD spectra of [M 
Na] ions of complex PHN-glycans from hen ovalbumin detected
at m/z 1835.6. Fragment ions are sodiated.4 3GlcNAc, and also with C3 ions. Isomer 3 gave rise to
B4/Y3 ions along with loss of bisecting GlcNAc and
also to B3 ions. Structure 3 was supported by
1,4A3
cross-ring cleavage ions.
Glycans of composition (GlcNAc)8(Man)3PHN with
parents at m/z 2241.9 (see Table 1) produced fragmen-
tation as observed in a previous study [30]. The loss of
3-positioned Man(GlcNAc)2 produced B3/Y3 ions. B3/
Y4 and B3/(Y4)2) fragments were also observed. Loss
of bisecting GlcNAc from B3/Y3 ions produced a large
peak at m/z 938.3. CID-MS/MS data also suggested this
structure with C2, C2, and B2 peaks.
(GlcNAc)8(Man)3GalPHN glycans (m/z 2403.9) had
two structures. Structure 1 featured a galactosyl residue
on the 6-antenna, and in Structure 2 Gal was linked to
the 3-antenna (see Table 1). B4/Y3 fragments were
consistent with 6-antenna Gal and loss of bisecting
GlcNAc (m/z 1100.4 ions, Isomer 1). Fragment ions at
m/z 1159.4 (B4/Y3) and associated loss of 221 u showed
Gal substitution on the 3-antenna (Structure 2). Both
structures were in good agreement with results from a
previous article [35]. In that study on hen ovomucoid
oligosaccharides, Gal was found 4-linked to GlcNAc on
either antenna.
A digalactosylated glycan with composition
(GlcNAc)8(Man)3(Gal)2PHN was observed at m/z
2565.9. CID-MS/MS data indicated a dominant struc-
ture bearing galactosyl residues on both antennae (Fig-
ure 6). Fragment ions (B4/Y3) appeared at m/z 1321.5
followed by abundant loss of bisecting GlcNAc (m/z
1100.4). The loss of 365 u (m/z 735.2 ions) was consistent
with the presence of a second galactose linked to the
GlcNAc residue on the 6-antenna.
Figure 6. MALDI-MS/MS spectrum of [M  Na] ions of
digalactosylated PHN-glycans from hen ovalbumin detected at
m/z 2565.9. Fragment ions are sodiated.
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In this study, two parent ion peaks ([M  H  2Na])
indicated the presence of sialic acid. Due to the small
size of these peaks, MALDI-MS/MS spectra were nois-
ier than others discussed above, however sufficiently
detailed for structural investigation.
Ions at m/z 2716.9 indicated a composition of
(GlcNAc)8(Man)3(Gal)(SA)PHN (Figure 7). The frag-
mentation pattern corresponded to two structures. Iso-
mer 1 was consistent with Gal substitution on the
4-linked GlcNAc (3-antenna) and Isomer 2, with this
residue on the 6-antenna instead. Abundant ions at m/z
2403.9 corresponded to a Y6-cleavage of sialic acid.
Structure 1 was consistent with the loss of bisecting
GlcNAc (m/z 938.3 ions). This type of cleavage in
Structure 2 produced ions at m/z 1100.5.
Ions at m/z 2879.1 corresponded to
(GlcNAc)8(Man)3(Gal)2(SA)PHN (see Table 1). Y6-cleav-
age of a sodiated sialic acid residue (loss of 313 u)
produced a large peak at m/z 2565.9 and other fragment
ions corresponded to fragmentations shown in Figure 6.
B5/Y3 ions formed by the cleavage of residues from the
3-antenna appeared, along with the same ions having
lost bisecting GlcNAc.
In the MS/MS spectra of both sialylated glycans, Y6
ions were more abundant than precursor ions. Yama-
gagi and Nakanishi [4] reported that the relative abun-
dance of B1 fragment ions of 3-sialyllactose was con-
siderably higher than in the case of 6-sialyllactose.
These authors suggested that the fragmentation occurs
more readily for 2-3 than 2-6 sialyl linkages under
MALDI-TOF-MS conditions. It is thus possible that both
sialylated glycans detected here contained a 2-3 sialyl
Figure 7. MALDI-MS/MS spectrum of [M  H  2Na] ions of
monosialylated PHN-glycans from hen ovalbumin detected at m/z
2716.9. Fragment ions are sodiated.linkage, in which case the last glycan discussed above
would correspond to a structure reported previously in
ovalbumine by sialidase digestion [38].
Conclusions
Phenylhydrazones of N-glycans under MALDI-CID-
MS/MS and PSD conditions produced a relatively
similar fragmentation pattern, however more cross-ring
cleavages were observed in the MALDI-CID-MS/MS
spectra. In some cases, comparing the results obtained
using both techniques enabled to determine the major
isomer present for a given composition. In all PSD and
MS/MS spectra of neutral oligosaccharides, fragment
ions observed at high m/z values corresponded to B and
C glycosidic cleavages of the PHN-labeled end and to
B/Y3 ions characteristic of the loss of chitobiose core
and of the 3-antenna. As observed in other studies,
monosaccharide residues linked in the 3-position of the
core mannose were cleaved preferentially to 6-linked
residues. We also observed that the abundance of ions
resulting from the cleavage of bisecting GlcNAc de-
pended on the number of residues linked on the 6-an-
tenna. In spectra of glycans with no residue attached to
the 6-positioned mannose, the latter was preferentially
cleaved, to produce abundant ions at m/z 388, while the
loss of bisecting GlcNAc occurred at very low extent.
These ions were, however, dominant when three resi-
dues were linked to mannose on the 6-antenna. Also,
new isomeric glycan structures and two sialylated oli-
gosaccharides were found in ovalbumin. The peak
heights of ions corresponding to loss of sialic acid were
consistent with 2-3 linkages. Besides losses of sialic acid,
sialylated PHN-glycans adopted similar cleavage pat-
terns as neutral derivatized N-glycans. Overall, these
results show that the PHN derivatization technique
should definitely be applied to the analysis of sugars of
unknown structures in other important biological sam-
ples. This will be the object of a further study.
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